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ABSTRACT: 

PURPOSE: To obtain a water-repellent coated article having coating 

properties capable of imparting excellent non-stickiness, abrasion resistance 
and corrosion resistance by providing a coating layer of a compel, having a 
fluorine atom on the polysilazane-containing coating layer provided on the 
surface of a base material to strongly bond the same to the surface of the base 
material composed of metal or glass. 

CONSTITUTION: A soln. of polvsilazane alone or a polvsilazane compsn. is 
applied to the surface of a base material composed of metal or glass and the 
coated base material is dried at about 100°C to form a film. When the 
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coated base material is dried at relatively low temp, as mentioned above, the 
reaction activity of polvsilazane can remain and, when a coating layer of a 
fluorine-containing compd. having a functional group is provided on the 
polvsilazane -containing coating layer in such a state that the reaction 
activity of polvsilazane remains, polvsilazane is reacted with the functional 
group of the fluorine-containing compd. of a topcoat layer at the time of 
baking and, therefore, the topcoat layer is strongly bonded to the base 
material and the polvsilazane layer being an undercoat layer covers the surface 
of the base material densely and, as a result, good corrosion resistance, 
damage resistance and abrasion resistance can be imparted to the base material. 
Since the topcoat layer has a fluorine atom, non-stickiness and water 
repellency can be imparted to the surface of the base material. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the water-repellent coating which gave non- 
adhesiveness, abrasion resistance, corrosion resistance, etc. to the base material front face which consists 
of a metal or glass in more detail about a water-repellent coating. The water-repellent coating of this 
invention is applicable suitable for fields, such as a non-adhering coat for aperture material where 
transparency, such as a corrosion prevention coat used for the metal mold with which for example, non- 
adhesiveness, abrasion resistance, corrosion resistance, etc. are demanded, or an aperture of a 
microwave oven, non-adhesiveness, thermal resistance, and a high degree of hardness are demanded. 
[0002] 

[Description of the Prior Art] Conventionally, as metal mold used for vulcanization shaping of rubber, 
chrome plating steel etc. is mainly used. However, since it is corroded by the sulfuric acid generated at 
the time of vulcanization of rubber, in addition to the dimensional accuracy of metal mold worsening, 
the metal mold of chrome plating steel becomes difficult [ it / to unmold vulcanized-rubber mold goods 
from metal mold ]. In order to raise the corrosion resistance of metal mold, and a mold-release 
characteristic, even if it performed coating by an epoxy resin, fluororesin, etc. excellent in chemical 
resistance, there was a problem that the corrosion resistance over a sulfuric acid was inadequate, or an 
enveloping layer tends to exfoliate. 

[0003] Moreover, glass is used for the aperture of a microwave oven. However, this glass window had 
the problem that food, an oil, etc. which adhered on the occasion of cooking stuck, and the interior 
stopped being able to be visible easily. Although transparency, thermal resistance, and a high degree of 
hardness were required of the aperture of a microwave oven, it was difficult for it to stick and prepare 
the enveloping layer which has thermal resistance and a high degree of hardness in the front face by 
non-adhesiveness without spoiling the transparency of a glass base material conventionally. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the water-repellent 
coating which prepared the enveloping layer which can give the non-adhesiveness which pasted up 
firmly and was moreover excellent, abrasion resistance, corrosion resistance, etc. in base material front 
faces, such as a metal and glass. While a base material front face is pasted firmly and other purposes of 
this invention give properties, such as non-adhesiveness, abrasion resistance, corrosion resistance, 
thermal resistance, and a high degree of hardness, transparency is to offer the water-repellent coating 
which prepared the good enveloping layer. While the corrosion resistance over the sulfuric acid which 
generates the purpose of this invention more concretely at the time of rubber vulcanization is excellent, 
even if it sticks that unmolding of vulcanized-rubber mold goods offers easy covering metal mold, and 
food, it can be easy to take, and it is transparent and is in offering the non-adhesiveness transparence 
coat glass for the aperture material of the internal microwave oven which can be clearly seen. 
[0005] this invention persons found out that the above-mentioned purpose could be attained by 
preparing the enveloping layer containing polysilazane in base material front faces, such as a metal and 
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glass, and preparing the enveloping layer of a compound which has fluorine atoms, such as a silane 
coupling agent which has for example, a fluorine atom, a fluorine-containing polymer which has a 
functional group at the end, or fluororesin, on this enveloping layer, as a result of inquiring 
wholeheartedly, in order to conquer the trouble which said conventional technique has. By combining 
said specific enveloping layer, the water-repellent coating of this invention can give many properties, 
such as non-adhesiveness, corrosion resistance, abrasion resistance, water repellence, oil repellency, and 
damage resistance, to a base material front face, and its adhesive property of an enveloping layer and a 
base material is also firm, and, moreover, in the case of a glass base material, it can hold transparency. 
This invention comes to be completed based on these knowledge. 
[0006] 

[Means for Solving the Problem] According to this invention, the water-repellent coating characterized 
by having prepared the enveloping layer containing polysilazane in the base material front face, and 
preparing the enveloping layer of a compound which has a fluorine atom on this enveloping layer is 
offered. Moreover, it considers as the concrete embodiment of this invention, for example, the following 
water-repellent coatings are offered. 

[0007] (1) Said water-repellent coating whose compound which has a fluorine atom is the silane 
coupling agent which has a fluorine atom. 

(2) Said water-repellent coating whose compound which has a fluorine atom is the fluorine-containing 
polymer which has a functional group at the end. 

(3) Said water-repellent coating whose compound which has a fluorine atom is fluororesin. 

(4) Said water-repellent coating in which the compound which has a fluorine atom is fluororesin, and 
has the configuration which carried out hydrophilization of one side of the fluororesin film formed from 
this fluororesin, and covered it with this field that carried out hydrophilization on the enveloping layer of 
polysilazane. 

(5) Said water-repellent coating whose enveloping layer containing polysilazane is a polysilazane 
independent enveloping layer. 

(6) Said water-repellent coating whose enveloping layer containing polysilazane is an enveloping layer 
of the constituent containing polysilazane and fluororesin. 

(7) Said water-repellent coating whose polysilazane is par hydronalium polysilazane. 
[0008] Hereafter, this invention is explained in full detail. 

Radical As the quality of the material of the base material used by material this invention, a metal and 
glass can be mentioned as a typical thing. As a metal, chrome plating steel, copper, aluminum, stainless 
steel, etc. are mentioned, especially the class and configuration of a base material are limited - not 
having — for example, rubber vulcanization, such as metal mold of chrome plating steel, ~ public funds 
- a kitchen instrument and other various metal-forming objects, such as an inner kettle of a mold, a 
frying pan, and a rice cooker, can be mentioned. Moreover, various glass base materials can be 
mentioned and especially the coating of this invention is suitable for the application of non-adhesiveness 
covering to the glass base material of which transparency, such as aperture material of a microwave 
oven, thermal resistance, damage resistance, etc. are required. 

[0009] The polysilazane used by polysilazane this invention is a polymer which has a repeat unit (- 
SiRlR2-NH-). However, Rl and R2 are independently chosen from a hydrogen atom, an alkyl group, an 
alkenyl radical, a cycloalkyl radical, an alkylamino radical, an aryl group, and an alkyl silyl radical, 
respectively. 

[0010] Polysilazane can be obtained according to the ammonolysis to which the dihalo silane expressed 
with general formula RlR2SiX2 (Rl and R2 are the same as the above, and X is halogen atoms, such as 
chlorine, a bromine, and fluorine.) and ammonia are made to react. After making bases, such as a dihalo 
silane and a pyridine, react and forming the adducts (complex) of a dihalo silane, you may make it react 
with ammonia. Generally an ammonolysis is performed below the freezing point among organic 
solvents, such as dichloromethane. Polysilazane can be isolated by filtering after a reaction. 
[001 1] Also in polysilazane, when it covers to a surface of metal, even if it performs heat treatment of 
400 degrees C or more, since par hydronalium polysilazane can obtain the coating which a surface of 
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metal does not discolor by oxidation, but metallic luster remains, and is excellent in design nature, it is 
especially desirable. Polysilazane is fusibility at an organic solvent. Therefore, in order to form the 
enveloping layer of polysilazane, it can carry out by making a base material front face apply and dry the 
organic solvent solution of polysilazane. As an organic solvent, there is halogenated hydrocarbon; ether, 
such as hydrocarbon solvent; methylene chlorides, such as a xylene, benzene, toluene, ethylbenzene, a 
pentane, a hexane, a methyl pentane, dimethyl butane, a heptane, an octane, a nonane, Deccan, and a 
dodecane, chloroform, a carbon tetrachloride, an ethylene chloride, trichloroethane, and 
tetrachloroethane, etc., for example. 

[0012] The concentration of polysilazane is usually about 10 - 50 % of the weight preferably 90 or less 
% of the weight. Moreover, although it dries and a coat is made to form after applying a polysilazane 
solution to a base material front face, it dries at the temperature of about 100 degrees C, and where the 
labile of polysilazane is left, the enveloping layer of a compound which has a fluorine atom is prepared, 
and, subsequently calcinating is desirable. 

[0013] In this invention, although the enveloping layer (under coat) on the front face of a base material 
can be formed by the polysilazane independent, the mixture of polysilazane and heat resistant resin may 
be used for it. The constituent of polysilazane and fluororesin can be mentioned as an example. If the 
mixture of the solvent system dispersion of fluororesin and a polysilazane solution is applied to a base 
material front face and is more specifically calcinated after desiccation, the enveloping layer which 
compound-ized polysilazane and fluororesin can be obtained. 

[0014] The compound (fluorine-containing compound) which has the fluorine atom used by compound 
this invention which has a fluorine atom can include a low molecular weight compound and the amount 
compound of macromolecules, and, specifically, can mention a fluorine-containing polymer, fluororesin, 
etc. which have a functional group to the silane coupling agent which has a fluorine atom, a fluorine- 
containing surfactant, and an end. Fluorine-containing coupling material, a fluorine-containing surface 
active agent, etc. have functional groups, such as a methoxy group, an ethoxy radical, and a carboxyl 
group. 

[0015] As a silane coupling agent which has a fluorine atom, 1H, 1H, 2H, 2H-perfluoro 
decyltrimetoxy silane, 1H, 1H and 2H, 2H-perfluoro decyltriethoxy silane, heptadeca fluoro 
decyltrichlorosilane, trideca fluoro octyl trichlorosilane, trideca fluoro octyl trimethoxysilane, trifluoro 
propyl trichlorosilane, trifluoropropyl trimetoxysilane, etc. can be mentioned, for example. Also in 
these, what has 13 or more fluorine atoms is desirable. 1H, 1H and 2H which contain 17 or more 
fluorine atoms especially, 2H-perfluoro decyltrimetoxy silane, 1H, 1H and 2H, 2H-perfluoro 
decyltriethoxysilane, heptadeca fluoro decyltrichlorosilane, etc. are desirable. 

[0016] As a fluorine-containing polymer which has a functional group in an end, the perfluoroalkyl ether 
polymer of end alcoholic denaturation, the perfluoroalkyl ether polymer of end carboxyl denaturation, 
the perfluoroalkyl ether polymer of end isocyanate denaturation, etc. can be mentioned, for example. 
The polymer which carried out the graft of the alkyl chain containing the hydroxyl group the side chain 
of fluororesin or other than these by electron beam irradiation etc., and the polymer which carried out 
the polymerization of the fluorine system monomer may be used. Also in these, if the perfluoroalkyl 
ether polymer of end alcoholic denaturation, the perfluoroalkyl ether polymer of end carboxyl 
denaturation, and the perfluoroalkyl ether polymer of end isocyanate denaturation are used, non- 
adhesiveness can obtain the more excellent coating. 

[0017] As fluororesin, tetrafluoroethylene resin (PTFE), a tetrafluoroethylene-perfluoro vinyl ether 
copolymer (PFA), a tetrafluoroethylene-6 fluoride propylene copolymer (FEP), etc. can be mentioned, 
for example. It is desirable to use heat-resistant high fluororesin like PTFE for it, when 250 degrees C or 
more of thermal resistance are required of the application as which transparency is required using 
fluororesin with comparatively low crystallinity like PFA. Although fluororesin can be used as 
dispersion of an organic solvent, as for the fluororesin for finishing, it is desirable to use what 
considered as the fluororesin film and carried out hydrophilization of the one side so that it may mention 
later. The compound which has these fluorine atoms can be used as dispersion or a solution of an 
organic solvent etc. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/27/06 



JP,07-290639,A [DETAILED DESCRIPTION] 



Page 4 of 6 



[0018] In manufacture approach this invention of a water-repellent coating, the enveloping layer (under 
coat) containing polysilazane is first prepared in a base material front face, and the enveloping layer 
(finishing coat) of a compound which has a fluorine atom is prepared on this enveloping layer. After 
applying the solution of the constituent containing a polysilazane independent or polysilazane to base 
material front faces, such as a metal and glass, first, it dries on them at the temperature (70-120 degrees 
C, preferably 80-1 10 degrees C) of about 100 degrees C, and a coat is formed in them. Thus, the labile 
of polysilazane can be made to remain by drying at low temperature comparatively. Since it will react 
with the functional group of the fluorine-containing compound of finishing coat while polysilazane 
reacts with functional groups, such as a hydroxyl group on the front face of a base material, when it 
calcinates later if the enveloping layer of a fluorine-containing compound which has a functional group 
is prepared on the enveloping layer containing polysilazane where the labile of polysilazane is left, 
finishing coat can be firmly pasted up on a base material. And for a wrap reason, the polysilazane layer 
of an under coat can give good corrosion resistance, damage resistance, and abrasion resistance precisely 
to a base material for a base material front face. Furthermore, since finishing coat has the fluorine atom, 
a fluorine atom appears in an enveloping layer front face, and non-adhesiveness, water repellence, etc. 
are given to a base material front face. 

[0019] Moreover, where the condition of preparing the enveloping layer containing polysilazane in a 
base material front face, drying this enveloping layer at the temperature of about 100 degrees C, and 
polysilazane reacting, and not becoming hard like glass is held, by calcinating the solvent system 
dispersion of fluororesin after spreading and desiccation on it, fluororesin can be covered and this can 
give non-adhesiveness to a base material. To an under coat, the enveloping layer which blends the 
organic solvent (for example, xylene) solution of polysilazane with the solvent system dispersion of 
fluororesin, and is calcinated after spreading and desiccation on a base material front face and by which 
polysilazane and fluororesin were compound-ized can also be obtained as described above. 
[0020] In the aforementioned approach, since it has pasted up with the polysilazane layer by the anchor 
effect, the case where adhesive strength is not enough produces fluororesin. Then, the enveloping layer 
containing polysilazane is prepared, if a hydrophilization side and a polysilazane covering surface are 
doubled, the laminating of the fluororesin film which carried out hydrophilization of one side on it is 
carried out to a base material front face and thermal melting arrival is carried out to it at the temperature 
more than the melting point of fluororesin, a hydrophilic layer will react with polysilazane, and will join 
together, and a fluororesin layer and a polysilazane layer will paste it firmly by the hydrophilic layer. 
[0021] The polysilazane independent enveloping layer is transparent, on the other hand, a fluorine- 
containing silane coupling agent is also transparent, if the thing of transparent grade is used also in a 
fluorine-containing polymer or fluororesin, by the above-mentioned manufacture approach, 80% or 
more, the contact angle for water will be acquired for 100 degrees or more and thermal resistance, and 
the coating beyond 3H will be obtained [ light transmittance ] for 200 degrees C or more and a pencil 
degree of hardness. Furthermore, since metallic luster will remain without a surface of metal discoloring 
by oxidation even if it heat-treats at an elevated temperature 400 degrees C or more when it covers to a 
surface of metal if par hydronalium polysilazane is used also in polysilazane, it is possible to obtain the 
coating excellent in design nature. 

[0022] The thickness of each enveloping layer can be suitably defined by the purpose of use. In addition, 
each enveloping layer may be made to contain various additives by request. In the ingredient which 
forms each enveloping layer, when conductivity is required, when coloring is required, coloring agents, 
such as titanium oxide, carbon, and organic dye, may be added for electric conduction agents which 
covered tin, such as a potassium titanate whisker and a metal powder. 
[0023] 

[Example] Although the example and the example of a comparison of this invention are given and this 
invention is explained more concretely hereafter, this invention is not limited only to these examples. In 
addition, the measuring method of physical properties is as follows. 

[0024] (1) The chemical-proof trial of corrosion prevention metal mold (sulfuric-corrosion surface area) 
Metal mold was immersed in the sulfuric-acid water solution 20% for 24 hours, and the rate (%) of 
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surface area that the metal of a substrate was corroded was measured visually. 

(2) Blemish-proof trial (pencil degree of hardness) 

The pencil ******** value was measured according to JIS-K -5400. 

(3) Adhesive strength (the number of survival of a squares test) 

On the enveloping layer on the front face of a base material, squares 100 mass was created according to 
JIS-K -5400, actuation of having made this field sticking a Scotch tape (Nichiban make), and 
lengthening and removing it in it was performed 20 times, and it evaluated what [ in 100 masses ] mass 
survival is carried out. 

[0025] (4) Non-adhesiveness (contact angle for water) 

The contact angle over the pure water on the front face of an enveloping layer was measured by the 
sessile drop method using the contact angle meter made from Consonance Surface chemistry. 

(5) When an enveloping layer was prepared in a light transmittance glass base material front face, light 
transmittance was measured on the wavelength of 400-700nm which is equivalent to the light with UV 
spectrophotometer (Hitachi make). 

(6) The difficulty of sticking of food (sugar soy sauce **** easy) 

After having placed the ring with a bore 20mmphi and a weight of lOOg made from stainless steel on the 
base material front face or the enveloping layer as shown in drawing 1 , putting 1:1 mixed liquor of 
sugar and soy sauce into inside and heating for 15 minutes at 150 degrees C, the force required to move 
a ring was measured. 

[0026] In examples 1-6 and the [examples 1-2 of comparison] examples 1-3, the round bar which 
consists of chrome plating steel as a base material was used. The laminating of the ingredient besides 
shown in Table 1 by the spray was everywhere carried out to the desiccation thickness of a law by the 
repeat of spreading and desiccation, it could be burned behind the laminating, and the coat was formed. 
However, in the case of the one side hydrophilization PFA film, on the polysilazane enveloping layer, 
this film was carried out thermal melting arrival, and carried out the laminating at 360 degrees C. In the 
examples 4-6, each enveloping layer was formed like the above, using a glass plate as a base material. 
[0027] Polysilazane was used as a xylene solution using the par hydronalium polysilazane (PHPS) by 
TONEN CORP. Toshiba Silicone 8233 [ TSL-] were used for the fluorine-containing silane coupling 
agent. The fluoro link T made from MONTEKACHINI was used for the fluorine-containing polymer 
which has an end functional group. Kitamura KD-200AS was used for fluororesin. The one side 
hydrophilization PFA film by Daikin, LTD. was used for the single-sided hydrophilization fluororesin 
film. 

[0028] The result of a trial is shown in Table 1 . The case of each base material item is shown for a 
comparison. When, as for the thing of examples 1-3, corrosion does not advance to there being no 
chemical resistance and being corroded by the sulfuric acid, therefore an enveloping layer is formed in 
metal mold, with the round bar (example 1 of a comparison) which consists of chrome plating steel, the 
use as metal mold is attained over a long period of time, so that clearly from the result of Table 1 . 
Moreover, by the thing of examples 4-6, it can take easily to what cannot take food sticking to glass 
easily in a glass plate (example 2 of a comparison). 
[0029] 
[Table 1] 
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[0030] 

[Effect of the Invention] According to this invention, base material front faces, such as a metal and 
glass, are pasted firmly, and the water-repellent coating which prepared the enveloping layer which can 
give the non-adhesiveness which was moreover excellent, abrasion resistance, corrosion resistance, etc. 
is offered. Moreover, while according to this invention pasting a base material front face firmly and 
giving properties, such as non-adhesiveness, abrasion resistance, corrosion resistance, thermal 
resistance, and a high degree of hardness, the water-repellent coating in which transparency prepared the 
good enveloping layer is offered. Therefore, if this invention is applied to corrosion-protective covering 
of a rubber vulcanization molding die, since the enveloping layer which pastes a metal mold front face 
firmly and is excellent in chemical resistance and damage resistance will be obtained, the covering metal 
mold which is not corroded even if it uses it under corrosion ambient atmospheres, such as rubber 
vulcanization, for a long period of time is obtained. Moreover, if it applies to covering of the 
windowpane for microwave ovens, even if food etc. sticks, the transparent windowpane which can be 
taken easily will be obtained. 



[Translation done.] 
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